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SUMMARY 

 

In recent years, we have seen a strikingly increasing interest in growing walnuts among 

Flemish and Dutch growers and agroforestry pioneers. The timing of budding and flowering in 

walnuts is variety- and season-dependent, with for some varieties, buds break as early as the 

end of March and others not until the second half of May or later. In the latter case, we speak 

of late budding walnuts or LUW trees (laat-uitlopende walnoten, in Dutch). 

Nut experts and growers pointed out the untapped potential of these LUW trees in agroforestry 

and in more intensive nut orchards. Later budding can further reduce shade pressure on 

intermediate crops in agroforestry, as well as reduce the risk of damage and production loss 

from late spring frosts, which we assume to occur no later than May 15 (Ice Saints). Varieties 

with a late bud break are also believed to be less susceptible to some common diseases and 

pests in nut trees. 

LUW varieties are not yet commercially available, so in collaboration with Flemish and Dutch 

nut connoisseurs, scions were collected from mother trees determined to be late budding. 

These trees were propagated, raised and finally planted scattered across seven trial sites 

during the winter of 2020 - 2021.  The long-term objective of this trial is to compare phenology, 

growth, flowering, health, and finally nut production and quality between these different 

varieties. This both between the LUW varieties themselves as well as relative to the 

commercial control varieties. 

During the first three trial years, five trial sites were eventually retained for more detailed 

monitoring of the trees. Parameters that were monitored were leaf budding, flowering, leaf 

deterioration and tree growth. Several protocols were developed for this purpose. 

The first three trial years showed that the selected LUW trees effectively did not start sprouting 

until after May 15, although there was some variation in this even within the LUW varieties with 

the latest varieties not budding until early June. The common control varieties invariably 

sprouted before May 15. Beginning monitoring of flowering also indicated flowering after May 

15 in the LUW trees, again crucial in avoiding production losses due to frost damage. Due to 

the limited number of trial years, we still need to be cautious about these conclusions. Further 

monitoring in future years should confirm them. This is even more the case for observations 

around leaf infestation, where the LUW trees were found to be slightly less susceptible to leaf 

infestation by diseases and pests.  

The various trial plantings have already been successful, so there is confidence that continued 

monitoring in the coming years will provide many interesting insights. This includes yield, taste 

and other relevant nut characteristics of the LUW varieties and their susceptibility to diseases 

and pests. 

  



4 
 

INTRODUCTION 

WALNUTS AND AGROFORESTRY 

Walnut trees have been planted in our regions for centuries. The common walnut or walnut 

kernel (Juglans regia) is the most common species of the genus Juglans and also the species 

referred to when we refer to "walnuts" later in this report. Originally, the species comes from 

southeastern Europe, central and central Asia. Today, walnuts and their derivatives are still 

mainly imported from these regions. Turkey is the largest producer of walnuts in Europe and 

is also the largest producer in the world after China and the United States (de Rigo et al. 2016).  

In recent years, we have seen a strikingly increasing interest in the cultivation of walnuts 

among Flemish and Dutch growers and agroforestry pioneers. Walnut wood is known for its 

high quality and the healthy nutritional properties of nuts and their derived products make them 

highly valued by consumers. This translates into an interesting market value of these products 

(see also this market study on nuts). Moreover, the generally growing attention for local 

production, the Flemish Protein Strategy promoting local, sustainable and healthy proteins 

and the increasing supply of hardy walnut varieties offer increasing opportunities for nut 

production in Flanders and the Netherlands. 

At the crop level, walnut is suitable for use in agroforestry, both in combination with livestock 

and in combination with field crops (Figure 1). Walnuts are deep-rooting and most varieties 

tend to stay rather low, have an open crown and come into leaf relatively late. This ensures 

that competition for light with intermediate crops is more limited compared to many other tree 

species. Leaves of walnuts are nutrient-rich and decompose quickly, providing a natural 

nutrient enrichment to the soil through leaf fall. Cattle grazing under walnut trees enjoy shelter 

from sun and rain, and the fallen unharvested nuts can be an interesting addition to the ration. 

 

Figure 1. Left: young walnuts in an agroforestry system ; upper right: male catkins of walnut ; lower right: female 

inflorescence of walnut. 

https://ilvo.vlaanderen.be/uploads/documents/Agroforestry/Factsheet-Marktstudie-Noten.pdf
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Walnuts are not high demanding about pH and soil texture, but thrive best in loamy soils that 

are not too wet. Disturbed soil layers or groundwater levels higher than 1.5 meters deep are 

not recommended. The walnut is monoecious and thus bears both male and female 

inflorescences on the same tree (Figure 1). In most cases the male inflorescence (catkins) is 

slightly ahead of the female inflorescence, occasionally there is overlap and sometimes it is 

just the other way around. Cross-pollination with other plants of the same or other varieties is 

possible, and when there is overlap in flowering within the same plant, self-pollination is also 

possible. A reasoned combination of varieties is therefore important to achieve optimal 

pollination and nut production.  

LATE BUDDING WALNUTS 

The timing of budding and flowering in walnuts is variety- and season-dependent. Like many 

other species, walnuts need a certain cold period (usually temperatures between 0 and 7 °C) 

to break bud dormancy. After this cold period, bud dormancy is permanently lifted under the 

influence of temperatures above a certain threshold (e.g., 4.5 °C) (Cosmulescu and Bîrsanu 

Ionescu 2018; Wertheim, S.J., Baltissen, A.H.M.C. 2023). The necessary cold and heat period 

that makes buds break differs among varieties, so that some sprout as early as the end of 

March and others not until the second half of May or even later (Figure 2). In the case of the 

latter category, we refer here to late budding walnuts or LUW trees. 

 

Figure 2. Illustration of the variation in timing of bud break in walnut. The picture was taken in mid-May. From left to right 

you can see a normal early (mid-April, ‘VROEG’), mid-term (early May, ‘MIDDEN’) and late budding (late May, ‘LAAT’) 

variety. © Eric Van de Plas 
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Nut experts and growers pointed out the untapped potential of these LUW trees in agroforestry 

and in more intensive nut orchards. A delayed bud break can further reduce shade pressure 

on intermediate crops in agroforestry, as well as reduce the risk of damage from late spring 

frosts (Figure 3). It is generally assumed that spring night frosts can occur up to and including 

the last day of the Icing season (May 15). If trees have already sprouted or bloomed by then, 

as in fruit growing, this is detrimental to production. When female flowers freeze to pieces, no 

more nuts can be formed, and when catkins are damaged, less pollen is available. Early female 

flowering is most problematic in terms of frost damage. When leaves suffer frost damage, 

photosynthesis decreases and trees are weakened. 

 

Figure 3.Spring frost damage, photo taken on April 19, 2022. 

Under the influence of the changing climate, this advantage of late budding varieties can be 

expected to become even more important. Warmer spring periods may cause buds to sprout 

earlier and earlier in the spring, increasing the risk of frost damage from spring (night) frost 

(Črepinšek et al. 2009; Wertheim, S.J., Baltissen, A.H.M.C. 2023; Turkelboom 2023). With 

milder winters and especially in more southern regions, the cold demand may not be met in 

the long run. It can be an incentive for local growers to anticipate this. 

Varieties that sprout late also appear to be less susceptible to some common diseases and 

pests (Turkelboom 2023). Important diseases in walnuts are bacterial blight (Xanthomonas 

arboricola pv. Juglandis) and walnut anthracnose or walnut leaf blotch (Ophiognomonia 

leptostyla/Marssonina juglandis). The spread of bacterial blight occurs via rain that allows 

bacteria to enter tissues. This can be through stomata, but also through wounds caused by 

frost, among other things. Since the period from budding to the end of female flowering is 

particularly susceptible to infection, LUW varieties may therefore have an advantage here. 

Walnut leaf blotch is caused by a fungus related to scab that primarily affects apple and pear. 

Primary infection occurs by winter spores (ascospores) in spring and is promoted by wet 

conditions. These spores spread by wind and will not affect susceptible tissues on late-spring 

buds. Secondary infection can occur on LUW trees, however, by infection via summer spores 

that develop in infested tissues of infected, other walnut trees. In a dry spring and summer, 

damage will be limited anyway. 

The walnut husk fly (Rhagoletis completa) is one of the most formidable damage agents in 

walnut that has been present in our area since 2018. The female walnut borer fly punctures 

the husks via her ovipositor. When the eggs hatch, the larvae feed on the soft husk tissue, on 
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which black spots develop. Over time, the kernel is also affected. The time at which the nut is 

punctured plays a role in the damage process, with early infection leading to more damage. 

This phenomenon could possibly explain why walnut trees that develop later, such as LUW 

trees, seem to be less affected. However, more research is needed to confirm this. 

The codling moth (Cydia pomonella) is also a common pest that is also less likely to strike in 

late-maturing and later-flowering varieties. Larvae of the codling moth bore into the fruit, 

causing damage (Wertheim, S.J., Baltissen, A.H.M.C. 2023). 

  



8 
 

CHAPTER 1: INITIATION OF LONG-TERM RESEARCH IN FLANDERS 

AND THE NETHERLANDS 

1.1 PREPARATION AND OBJECTIVES 

Existing collaborations with nut experts and growers pointed to the untapped potential of (very) 

late budding walnut (LUW) varieties in Flanders. LUW varieties are not yet commercially 

available and many of their cultivation-relevant and variety-dependent traits such as growth, 

flowering, productivity, susceptibility to diseases and pests,... remain as yet unknown. 

Moreover, little empirical data on budding and flowering dates in our climate are also available 

for the classic varieties. 

Therefore, in collaboration with nut experts and project ambassador Eric Van de Plas, 19 late 

varieties (not yet registered) were identified for long-term trial design. From these existing 

mother trees in Flanders and the Netherlands that were determined to be late, scion wood was 

collected after which the trees were propagated and raised by Jan Van Hellemond (tree 

nursery De Veredelde Walnoot, Ulicoten, NL).  

During the winter of 2020-2021, the propagated varieties could be planted across five sites in 

Flanders and two in the Netherlands (both at project ambassadors and on new plots). The goal 

per site was to plant at least 30 LUW trees (10 varieties and at least three individuals per 

variety) and some control varieties (commonly available, non-LUW trees). Each LUW variety 

was planted in at least two sites. 

We aimed for the most standardized planting and management across sites (Figure 4). We 

maintained a minimum planting distance of five meters in the row, the trees were protected 

from chewing with a net, the treebed was weeded and provided with extra nutrition (compost, 

champost or farmyard manure) and the trees were originally tethered to two support poles 

(bamboo poles). In some locations, these were later also tethered to sturdier chestnut stakes, 

whether or not replacing the bamboo stakes. Note: in France, for example, chestnut poles are 

not recommended because of the risk of honey fungus. Robinia poles are more suitable. 

 

Figure 4. Example of the standardized planting as applied across trial sites. 
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The long-term objective of this trial is to compare the phenology, growth, flowering, health and 

finally nut production and quality between these different varieties. This both between the LUW 

varieties themselves and relative to the commercial control varieties. 

1.2 VARIETIES  

A total of 30 varieties (LUW + control varieties) were monitored across several sites. LUW 

trees planted were numbered and contained the letter code ZL. Provenance data are known 

but not shared. The following 19 varieties are involved: ZL_01, ZL_01_seed, ZL_02, ZL_03, 

ZL_06, ZL_07, ZL_08, ZL_09, ZL_10, ZL_11, ZL_12, ZL_13, ZL_14, ZL_15, ZL_17, ZL_21, 

ZL_22, ZL_23 and ZL_24. The 11 control varieties with a brief description are shown in Table 

1. 

Table 1. Overview of control varieties planted, abbreviation used in this report and brief description (source: De 

Veredelde Walnoot & Hochschule Geisenheim for WVM). 

Name Abbreviation Brief description 

No. 16 16 Self-pollinating, good flavor, healthy growth, high oil content. 
The trees grow about 10-12 meters tall. However, the walnuts 
are a bit more difficult to crack. 

Bella Maria BEL A new variety marketed by Nursery 't Herenland. It is a 
substantial healthy grower that is self-pollinating with nuts up 
to 6 cm. The nuts are well filled and have a good taste. A very 
promising variety. 

Broadview BRO This is the healthiest growing variety for our climate, very 
hardy, self-pollinating and productive. The tree does not grow 
very large, about 8-10 meters. 

Buccaneer BUC This is a healthy and self-pollinating variety. Moreover, it is 
very good tasting and a good pollinator for many other 
varieties because it produces long-lasting and abundant 
pollen. The tree grows about 10-12 meters tall. Please note 
that there is an inferior type in circulation. 

Coenen COE This variety is in many ways very suitable for our climate. It 
gives good production, gives very tasty nuts, the walnuts 
contain a lot of oil and thus have a long shelf life, finally, this 
variety gives a fairly large nut and is a vigorous grower with 
open crown. A pollinator is needed. Beware of risk of freezing. 

Germisara GER An early and very productive new variety, fairly healthy with 
nice tasty very large oil-rich walnuts. 

Lange van Lod LOD An early productive variety with very large nuts (up to 7 cm). 
The variety grows reasonably healthy, has good flavor. 
However, limited shelf life and not self-pollinating. Sagging 
results in extra follow-up topiary. Very sensitive to walnut 
borer fly and sometimes much affected by bacterial burn. 

Plovdivski PLO Strong grower with high production with large nuts containing 
a lot of oil. Very good flavor. Pollinator needed 

Proslavski PRO Similar to Plovdivski. 

Rita RIT Similar to No. 16. 

Wunder von Monrepos WVM Relatively late-maturing variety. Vigorous growth, self-
pollinating, said to be resistant to leaf spot disease and 
bacterial fire. 
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1.3 EXPERIMENTAL SITES  

Data were collected at five of the seven different sites (LUW1, LUW2, LUW3, LUW4 and 

LUW7) (Table 2). Two sites (LUW5 and LUW6) were ultimately not monitored in further detail 

and thus were not included in this report. At LUW5, the final planting did not meet the 

predetermined criteria and was therefore no longer representative. At LUW6, frequent 

monitoring proved impractical. With the exception of LUW7, which is located in the 

Netherlands, all experimental sites included are located in Flanders. 

Meteorological data (temperature (T) and precipitation (P)) were obtained through the Royal 

Meteorological Institute of Belgium (RMI) obtained for the plots in Flanders (interpolated over 

5x5 km). For the plot in the Netherlands (LUW7), data were obtained through the Joint 

Research Center (JRC) (interpolated over 25x25 km). 

Table 2. Characteristics of soils (0 - 30 cm) and plantings at the five experimental sites. 

Site LUW1 LUW2 LUW3 LUW4 LUW7 

Soil type sandy loam loam loam sandy loam loamy sand 

Organic carbon (%) 1.18 0.98 1.16 1.89 3.1 

pHKCl 5.94 6.21 6.75 5.18 5.6 

Planting date 8/01/2021 6/01/2021 7/01/2021 17/12/2020 22/01/2021 

Total number of trees 63 36 57 22 27 

LUW trees 30 18 57 22 23 

non-LUW trees 33 18 0 0 4 

Number of trees per hectare 83.3 133.3 27.8 69.4 151.2 

Planting distance - between row (m) 24 15 60 12 11.5 

Planting distance - in the row (m) 5 5 6 12 5.75 

Intercropping arable arable arable grassland grassland 

2021T (°C) 10.7 11.0 10.7 10.8 10.7 

2022T (°C) 12.0 12.4 12.0 12.1 12.0 

2023T (°C) 12.1 12.5 11.9 12.2 12.2 

2021P (mm) 890.2 871.0 900.8 816.2 729.1 

2022P (mm) 642.6 644.4 622.4 612.7 584.3 

2023P (mm) 1022.2 1003.6 986.6 1073.0 998.5 

 

Total precipitation (P) was highest in 2023 and lowest in 2022. The mean annual temperature 

(T) was slightly lower in 2021. 

The organic carbon content of most experimental sites is at or above the target zones. For 

loamy soils, that target zone is between 1.3 and 1.7, for sandy loam between 1 and 1.5, and 

for sand between 1.2 and 1.9. Only on LUW2 is the organic carbon content somewhat on the 

low side. 
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Since the preferred pH for walnuts is between 6.0 to 6.5 and 7.5, it is rather on the low side at 

most sites (de Rigo et al. 2016; Wertheim, S.J., Baltissen, A.H.M.C. 2023). Thus, liming may 

be considered in the long run. 

 

Figure 5. Three of experimental sites in the final trial year (2023): site ILVO (LUW1), site Praktijkpunt Landbouw Vlaams-

Brabant (LUW2) and the site in Hulste (LUW4). 

 

1.4 DETERMINING COLD DAYS AND HEAT SUMS 

Since the release from dormancy only occurs after a certain cold and heat demand is satisfied 

(see earlier), we calculate these parameters for the different sites. 

Cold days (by day and month) were calculated by summing the number of days on which the 

air temperature was between 0 and 7 °C from the month of November of the year preceding 

the monitoring year. November was chosen as the calibration point for the dormancy of buds 

(Cosmulescu and Bîrsanu Ionescu 2018). From then on, they will only be able to bud when 

their cold requirements are met (see earlier). Normally, cold requirements are given in hours, 

but we do not have hourly meteorological data.  

Consequently, if on November 10, e.g., it was between 0 and 7 °C on average on three days 

from November 1, the cold sum is 3. Frost days and days with temperatures warmer than 7 °C 

do not count. 

Heat sums were calculated as the sum of all average daily temperatures above a threshold of 

4.5°C as of Jan. 1 of that monitoring year. Ideally, the heat sum should be calculated from the 

time the cold demand is met. However, this moment is determined by regularly cutting twigs 

from each tree starting in the fall and forcing them inside to check whether they can already 

sprout (Wertheim, S.J., Baltissen, A.H.M.C. 2023). However, this is not realistic in this type of 

field study. So we use the concept of cold days and heat sums in this report rather to describe 

temperature trends as an approximation to reality, more than to derive absolute numbers 

(which, in addition, are not very meaningful to growers). 

If the average temperature on the first five days of January were 0, 4, 8, 9 and 6 °C, 

respectively, the heat sum on January 5 would equal 23 (8 + 9 + 6). The colder days than 4.5 

°C (0 and 4 °C) do not count.  

From Table 3 shows that 2022 had the coldest spring: cold days were highest at the end of 

January, and the difference from other years is even more pronounced in February. Nearly 90 

cold days were counted at the end of March. After March, the number of cold days stagnates 

   
LUW1  LUW2 LUW4 
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in all experimental years under the influence of warmer temperatures. Table 4 shows the 

differences in cold days and heat counts between sites. The differences in cold days and heat 

sums at the different sites are small.  

Table 3. Cumulative average of cold days and heat sums across all experimental sites during the first half of each 

experimental year (2021-2023). 

 Year 

Cold Days 
Heat sums 

Jan Feb Mar Apr May Jun Jan Feb Mar Apr May Jun 

2021 53 59 75 90 91 91 51 212 416 610 974 1529 

2022 61 77 87 94 94 94 87 271 508 794 1262 1791 

2023 35 53 68 74 74 74 149 290 495 759 1187 1785 

 

Table 4. Cumulative average of cold days and heat sums per experimental site during the first half of each individual 

experimental year (2021-2023), as well as the average per site across all experimental years. 

Site Year 
Cold Days Heat sums 

Jan Feb Mar Apr May Jun Jan Feb Mar Apr May Jun 

LUW1 2021 54 60 75 91 92 92 51 209 414 599 954 1494 

 
2022 60 75 85 92 92 92 91 277 512 801 1258 1780 

 
2023 34 51 66 72 72 72 153 295 493 753 1171 1765 

 Average  49 62 75 85 85 85 98 260 473 718 1128 1680 

LUW2 2021 52 56 72 85 86 86 53 225 434 647 1021 1588 

 
2022 61 76 86 91 91 91 94 284 532 826 1308 1846 

  2023 32 50 64 70 70 70 151 298 521 795 1237 1844 

 Average 48 61 74 82 82 82 100 269 495 756 1189 1759 

LUW3 2021 53 58 74 89 91 91 48 213 419 618 977 1526 

 
2022 64 82 90 97 97 97 72 251 500 785 1244 1769 

 
2023 35 55 71 78 78 78 141 266 463 723 1144 1728 

 Average 51 65 78 88 89 89 87 243 461 708 1121 1674 

LUW4 2021 53 60 76 89 90 90 55 211 423 610 975 1522 

 
2022 61 77 87 93 93 93 80 264 505 801 1263 1791 

  2023 37 54 70 76 76 76 151 300 508 774 1197 1797 

 Average 50 64 78 86 86 86 95 258 479 728 1145 1703 

LUW7 2021 55 62 79 95 96 96 47 204 390 576 943 1512 

 
2022 59 75 88 95 95 95 97 278 492 760 1235 1770 

  2023 35 53 67 74 74 74 149 293 489 749 1189 1791 

 Average 50 63 78 88 88 88 98 259 457 695 1122 1691 
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1.5 MONITORING 

LEAF BUDDING & FLOWERING 

From the first year after planting, leaf bud break was monitored at each of the experimental 

sites. Data were thus collected from three consecutive growing seasons (2021, 2022 and 

2023). This monitoring started in the first week of April each year, after which bud break stage 

was scored once a week (on a fixed day) (see Table 5) until the leaves of all varieties were 

fully unfolded (stage 4). For each tree, the most advanced stage present was considered. The 

bud break date is defined as the date when the terminal bud of the shoots breaks open and 

leaves become visible (stage 1 in Table 5 or Cf and Cf2 according to international standards). 

From then on, the budding leaves are frost sensitive.  

 
Figure 6. Newly opened terminal bud of a walnut tree in one of the experimental plots. Male flowering structures are 

also visible, below the leaf bud. 

Flowering was monitored from year two on sites LUW1 and LUW2. In year three, LUW3 was 

added. Male flowering, which usually precedes female flowering, evolves according to the 

developmental stages shown in Table 6, the female flowering according to the stages in Table 

7. The inflorescences are already established the year before in the leaf axils (male) or in 

mixed buds (female) and sprout under the influence of warm temperatures in spring.  

Frost can cause catkins to freeze from stage 1 (or B by international standards). Catkins unite 

individual male flowers. Pollen release takes about 8 - 14 days (the warmer the shorter) and 

occurs at stage 3 (or F2 according to international standards). At that time, when the female 

stigmata are receptive (stage 3 in Table 7, or F1 and F2 according to international standards), 

pollination is possible. The receptivity period averages 4 to 7 days (Wertheim, S.J., Baltissen, 

A.H.M.C. 2023).  

Often several stages are present on the same tree. An estimate of the average stage per tree 

was always made. 
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Table 5. The five budding stages (0-4) of leaves. 

0 1 2 3 4 

Fully closed Bud just opens 
Bud open, but leaf still 

folded together 
Compound leaf visible but 

not yet fully unfolded 

Fully unfolded compound 
leaves visible, 

predominantly green 
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Table 6. The six distinct developmental stages of male inflorescences or catkins (0 - 5). 

 

Table 7. The six distinct developmental stages of the female inflorescence (0 - 5). Stage 6 (fallen flowers or nuts) not in table. 

0 1 2 3 4 5 

Female flowers 
visible 

Appearance of 
stigmata 

Stigmata almost 
open 

Stigmata open and 
sticky 

Withering stigmata 
(discoloring and 

diminishing) 

Wilted Stigmata – 
young nuts 

      

0 1 2 3 4 5 

Catkins present, not 
yet developing 

Growing catkins 
(standing) 

Green hanging 
catkins 

Pollen released when 
tapping 

Some already fallen 
off, anthers empty 

All catkins dropped 
off 
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LEAF INFESTATION BY DISEASES AND PESTS 

In the fall (September), trees at sites LUW1, LUW2 and LUW4 were scored in terms of foliar 

infestation by pests and diseases. A list of photos of observed infestations was prepared 

(Figure 7) and a score of 0 to 4 was assigned for each tree for each type of infestation based 

on the percentage of occurrence (0: not observed ; 1: < 25% infestation ; 2: 25 - 50% infestation 

; 3: 50 - 75% infestation ; 4: > 75% infestation). 

 

Figure 7. Observed symptoms on walnut trees in autumn. Table in Dutch. Translations: gallen = galls, gaatjes = holes, 

witte vlekjes met bruine rand = white spots with brown edges, zwarte bladranden of afgebroken bladranden = black leaf 

edges or broken leaf edges, zwarte vlekjes = black spots, gele bladeren = yellow leaves. 
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Monitoring varieties for susceptibility to specific diseases and pests requires the ability to 

unambiguously assign a disease profile to a particular pest or pathogen. This knowledge and 

expertise could not be fully developed within this limited project duration. For some 

observations, such as galls, the link to the pathogen can be clearly stated. For other symptoms, 

the cause is not always so unambiguous and further expert knowledge is needed to establish 

concrete links. This is why at this stage we started working with disease symptoms rather than 

specific diseases and pests. 

GROWTH 

At locations LUW1, LUW2 and LUW4, the diameter at breast height of the tree trunk was 

measured annually, in autumn. This was done by using a sliding compass to determine the 

diameter in two directions perpendicular to each other (along the tree row and perpendicular 

to it) and averaging this. Given the young planting stock with limited height of the continuous 

trunk, not every tree could be measured at first. 
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CHAPTER 2: RESULTS AND DISCUSSION 

2.1 LEAF BUDDING 

Figure 9 summarizes the average budding stages (across sites) of leaves of the varieties 

studied throughout spring, broken down by measurement year (2021-2023). Figure 10 shows 

an average value for the three measurement years combined. Because of the limited variation 

in weather conditions (cold and warm temperatures, see Table 3 and Table 4) between sites, 

the information for each site is given in the Appendix (Figure 14) and not discussed here. In 

each case, the vertical red line represents the date after which no frost is expected (May 15). 

The different varieties are shown in three categories: (1) Early, these are the control varieties, 

(2) Late, these are the LUW trees found to be budding around May 15 (in 2021) and (3) Late+, 

the are the LUW trees clearly budding after May 15 (in 2021). 

Retrieved from Figure 9 a clear distinction can be seen between 2022 and the other two 

measurement years. The control varieties in 2021 all begin to sprout around mid-April, making 

them susceptible to spring frosts. By early June, all early varieties are fully budding. In 2022, 

the season starts significantly earlier (early April). The cold snap reached early that year, and 

the spring was warmer than in 2021 (based on heat sums). 2023 had a similar spring in terms 

of heat sums and is between 2021 and 2022 in terms of outflow stages. On a side note, it 

cannot be ruled out that the timing of runoff in 2021 was also influenced by the disturbance 

associated with tree planting. 

Within the control varieties, Bella Maria (BEL), Buccaneer (BUC) and Wunder von Monrepos 

(WVM) are the least early varieties (mid-April vs. early April for the others) (Figure 10).  

Among the LUW varieties examined, some appear to sprout around May 15, indicating that 

they are not 100% protected against spring frost. These are ZL01, 03, 10, 12, 15, 23 (Late) 

and in some cases ZL01_seed, 08, 13 and 17 (Late+). On the other hand, climate change may 

also be causing the Ice Saints to move forward, so even these LUW varieties are generally at 

low risk of frost damage. The remaining varieties consistently sprout later than May 15 and are 

therefore almost certainly protected from frost damage (Figure 8). 

In the most late year, 2021, the varieties categorized under Late+ do not appear to be budding 

until early June, and some have not completed all budding stages until early July. Averaged 

over the three experimental years, we see that the Late varieties generally fully sprouted in the 

first half of June and the Late+ varieties did not fully leaf out until the second half of June. 

ZL_21 and ZL_22 (and to a lesser extent ZL_9) seem to be an exception to this, by budding 

very late and yet being fully leafed out already in the first half of June. 

Retrieved from Figure 9 and Figure 10 it can be seen that the time needed to go from 

phenological stage 1 (bud break)(purple) to stage 4 (fully unfolded leaf)(first yellow block) is 

longer in the control varieties than in the LUW varieties. Indeed, because the budding rate is 

affected by warm temperatures and budding of the control varieties occurs during cooler 

periods, more time passes in the latter. However, the heat requirement to definitively eliminate 

bud dormancy (necessary heat sum) is lower for early varieties than for late ones.  
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All 11 control varieties were planted on LUW1, some (6) on LUW2 and two on LUW7. 

Differences between sites appear to be limited (Figure 14, Appendix). LUW1 may be slightly 

earlier than LUW2. Table 4 shows earlier heat sums for LUW2 than for LUW1, but site-specific 

nuances may be lost because the meteodata is not exactly from the fields, but interpolated 

over a 5 by 5 km grid. Regardless, any differences are negligible. Even for the LUW trees, 

which are more likely to occur at more different sites, differences between sites are limited and 

may be due more to differences in monitoring dates. 

 

 

Figure 8. Two walnut trees in the same plot (LUW2) and the same day (May 30, 2023). On the left the early variety 

Broadview and on the right an LUW tree (ZL1). 
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Figure 9. Summary of the average budding stages (across sites) of leaves of the varieties studied broken down by 

measurement year (2021-2023). Table 5 provides interpretation for the different run-out stages. 

  



 
 

21 
 

 

Figure 10. Summary of average budding stages (across sites and trial years) of leaves of the varieties studied. Table 5 

provides interpretation for the different budding stages. 
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2.2 FLOWERING 

Male and female flowering was monitored in 2022 (at locations LUW1 and LUW2) and 2023 

(locations LUW1 - LUW3). In 2022, the flowering stages described in Table 6 and Table 7 only 

noted as of May 11; prior to that, only whether or not flowering structures were present was 

tracked. Thus, 2022 was more of a test year for flowering monitoring, but is included for 

completeness.  

The different varieties are again split into the same three categories: Early, Late and Late+ 

(again based on 2021 budding dates). Figure 11 provides an overview. Stage 0, where catkins 

or female flowers are visible, is shown on the figure as a dot.  

Varieties in which the male flowering runs before the female (protandry) or vice versa 

(protogyny) cannot self-pollinate. shows that not every variety is already flowering, and 

sometimes male or female flowering is missing. In particular, male flowering appears to be 

missing for one or both years in several varieties (e.g., Buccaneer, Coenen, Germisara (2022), 

Plovdivski (2022), Wunder von Monrepos). When both sex forms occur, flowering in the 

monitored trees is always protandrous (the most common form). When male flowering is 

absent, fertilization may still occur via cross-pollination1 . For this purpose, we look at stages 

> 1 and < 5, i.e. 2, 3 and 4.  

By analogy with leave budding, flowering in 2022 is ahead of 2023. This is in line with 

expectations given that both are related. Early flowering is highly detrimental in the event of 

spring frosts. Stages larger > 1 are considered susceptible. When female flowering is affected, 

nuts cannot be formed and production drops. If too few fertile catkins remain, this is also the 

case. With the exception of Wunder von Monrepos, most control varieties (if they flower) flower 

quite early (e.g. Broadview, Germisara and Lange van Lod in 2022 as early as the end of April).  

In 2022, the different stages seem to move more quickly. This corresponds to the warm spring 

(high heat sums in March, April and May, Table 4): indeed, warm weather accelerates the 

development of (especially) catkins. A warm spring can cause male flowering to be further 

ahead of female flowering (Wertheim, S.J., Baltissen, A.H.M.C. 2023).  

Especially in 2023, it can be seen that most LUW varieties flower well after the last expected 

spring frost, securing their production. It is assumed that despite late fertilization, these 

varieties will still reach mature fruit in the fall. However, this should be verified in future years.  

Details can be consulted inFigure 11, but further monitoring in the coming years is needed to 

draw more informed conclusions.   

 
1 In rare cases, for example with the variety Broadview, apomictic fruiting (without pollen) also 
occurs. Here, however, fruit set is insufficient for economically interesting production 
(Wertheim, S.J., Baltissen, A.H.M.C. 2023).  
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Figure 11. Summary of male (m) and female (v) flowering in different varieties (across sites) monitored in 2022 (LUW1 

and LUW2) and 2023 (LUW1 - LUW3). Table 6 and Table 7 provide clues to the developmental stages of the respective 

inflorescences. 
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2.3 FOLIAR INFESTATION BY DISEASES AND PESTS 

Figure 12 shows for site LUW2, for each tree (x-axis), the total score of the different leaf 

infestations (y-axis) as a stacked column with one color per observed symptom (Figure 7) in 

2023. On this plot, and in general across the different experimental plots, the symptom of black 

and/or brown spots is almost present on every tree in autumn. Bile formation by mites 

appeared almost nonexistent on this plot, while pressure appeared higher on other plots. On 

the graph, the LUW trees appear to be more on the left side. Thus, the later budding and 

shorter period between leaf emergence and full leaf position here seems to ensure that the 

later budding trees have fewer leaf infestations. Further follow-up in the coming years in more 

detail is needed to confirm this. Leaf infestations are common on trees, to what extent they 

also impact tree growth and development or nut production again requires further research. 

 

 

Figure 12. Example of total leaf infestation score per tree at trial site LUW2. The trees are shown with their variety name 

(an abbreviation) on the x-axis in ascending order of score from left to right. 

 

2.4 GROWTH 

Figure 13 shows diameter measurements at breast height by variety across three trial sites 

(LUW1, LUW2 and LUW4) (x-axis) and by year (blue=2021, red=2022 and green=2023). The 

figure shows only indicatively the order of magnitude of diameters, with relatively large variation 

among different trees (at this time still mainly determined by initial differences in diameter of 

planting material). Also, not every tree could be measured at breast height every year due to 

too small planting material, pruned main branch,...  

The situation varies by plot, for example, at site 'LUW2' there was good growth in 2022 but 

only very limited in 2023, while at site 'LUW1' this was just the opposite (not shown in the 

graph). Dropout after planting remained limited and most trees seem to have settled down well 

to develop further. A continuation of these measurements in the future will provide a better 

view of growth rates and any differences between varieties and whether or not also specifically 

between LUW and non-LUW trees. 
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Figure 13. Diameter measurements at breast height (DBH) by variety across the three trial sites and for three years of 

measurement. 
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CHAPTER 3: CONCLUSIONS 

 

Although the elaborated trial design with late budding walnut trees requires long-term 

monitoring to answer some important questions around the potential of these varieties, we can 

already draw some tentative conclusions after an initial period of three trial years: 

• The pre-selected LUW varieties seem to bud effectively later than the commonly 

planted control varieties. 

• Within the LUW varieties we still see considerable variation in terms of budding, with a 

group budding around May 15 and a group consistently budding later than May 15 (up 

to even early June). Especially the latter group offers the most certainty of avoiding 

frost damage. 

• LUW trees also consistently flower after May 15 in 2023. As with most control varieties, 

the LUW varieties appear to be protandrous, with male flowering occurring before 

female flowering. However, not all varieties or trees bloomed yet or some had only male 

catkins or only female flowers for the time being, leaving this to be confirmed later. 

• Based on measurements in one trial year and at one trial site, we see that the LUW 

varieties generally show less leaf infestation. However, the link to tree health and 

ultimate productivity and health is not yet known. However, this protocol needs to be 

refined in the coming years. 

• We experienced relatively little loss after planting, and growth measurements at three 

of the experimental sites indicate that the trees there generally take off well. Differences 

in growth rates between different varieties have not yet been possible to determine. 

We emphasize that further research and follow-up in the coming years will be crucial to validate 

these initial, tentative conclusions. The fact that the trees are doing well offers hope that we 

will be able to collect these data effectively in the future. In the coming years, work will also be 

done to optimize the monitoring protocols implemented based on the practical experiences in 

these first three trial years. 

The coming years will ultimately also be needed to evaluate one of the most important 

parameters in terms of cultivation in LUW trees: walnut yield (and more specifically walnut 

kernels). The phenology of the different LUW varieties, with some bearing only on the terminal 

shoots (terminal bearing) and others also on the lateral shoots (lateral bearing), will play a 

determining role here.  As will susceptibility and pest infestation, which can vary greatly among 

LUW varieties. Besides the yield, the taste and other properties of the nuts and nut cores (e.g. 

ease of cracking, size of the cores,...) are also very important. 
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APPENDIX 

 

Figure 14. Overview of the average budding stages (across measurement years) of the leaves of the varieties studied 

broken down by experimental site). Table 5 provides interpretation for the different budding stages. 


